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(54) Boundary Detection Using Multiple Correlations in a digital communication system 



(57) Detecting a boundary between training se- 
quences in a transmission is an important operation. In 
many communications systems, there are no special 
boundaries or markers to denote the end of one se- 
quence and the beginning of another. Correlation has 
been a commonly used technique to detect sequences 
and a fall in the correlation can be used to indicate such 
boundaries, but classical correlation can be slow and a 
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significant portion of the new sequence is received prior 
to the boundary being detected. A method and appara- 
tus is presented that allows rapid detection of the bound- 
ary and only a small amount of the new sequence needs 
to be received prior to the detection of the boundary. Ad- 
ditionally, the method and apparatus can be used to de- 
tect the presence of a transmission on the communica- 
tions medium. 
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Description 

FIELD OF THE INVENTION 

[0001 J This invention relates generally to digital com- 
munications, in particular to detecting the occurrence of 
a boundary between sequences in a digital sample 
stream through correlating a received sample value with 
a plurality of previously received sample values from the 
same digital sample stream. 

BACKGROUND OF THE INVENTION 

[0002] In many modern wireiess communications 
systems, information is organized into data units. When 
transmitted > the data units may be partitioned into trans- 
mission packets, with the number of packets depending 
on the size of the data units. The data units contain the 
information being transmitted along with control infor- 
mation. The control information includes destination in- 
formation, network identifier, data rate, information 
length, and the like. For example, in an IEEE 802.11a 
wireless network, each data unit begins with a 1 6 micro- 
second field containing a short and a long sequence 
field, with each field being eight micro-seconds in length. 
The short and the long descriptors refer tothe periodicity 
of the sequences. The 16 micro-second field contains 
ten periods of the short sequence and two and a half 
periods of the long sequence. Following the 1 6 micro- 
second field is another field containing information such 
as the bit-rate and the encoding of the data that is to 
follow. 

[0003] The short sequence is used mainly to allow the 
wireless stations to detect the presence of a transmitted 
packet (which in turn, contains at least a portion of the 
data unit) on the shared communications medium and 
to adjust its receiver signal gain to bring the received 
signal to a level acceptable for processing purposes. 
The purpose of the long sequence is to allow the intend- 
ed recipient of the data unit to make adjustments to its 
receiver hardware to maximize the probability of accu- 
rately receiving the data unit. The adjustments include 
configuring the receiver's adaptive channel equalizer 
and digital filters to current communications channel 
conditions. 

[0004] In many communications systems, training se- 
quences are typically transmitted concatenated togeth- 
er, without any indicator (or boundary) of when one se- 
quence ends and when another begins. For sequences 
that are used to adjust receiver hardware and software, 
it is vital that the particular sequences be recognized as 
rapidly as possible. 

[0005] A proposed solution involves correlating the 
received signal with a locally stored copy of the desired 
signal or, in the case of when the desired signal is peri- 
odic and the transmission contains several periods of 
the desired signal, correlated with previously received 
signals. When ever the correlation results in a correlation 



value that exceeds a predetermined threshold, the de- 
sired signal is deemed to have been received and when 
the correlation value drops off, a boundary between dif- 
ferent sequences is detected. Classically, correlating 

5 two signals involves multiplying one by the complex con- 
jugate of the other. When limited precision is used, this 
is equivalent to comparing individual data vaiues from 
each sequence and if the data values match, a correla- 
tion value is incremented. However, comparing pairs of 

10 data vaJues from the received signal requires that a sig- 
nificant percentage of the different signal be received 
before the presence of the change can be detected. 
[0006] A need has therefore arisen for a method to 
provide rapid determination of boundary between differ- 

15 ent sequences in a digital data stream and that can also 
be used to detect the presence of a transmitted packet 
In a formerly idle communications medium. 

SUMMARY OF THE INVENTION 

20 

[0007] A preferred embodiment of the present inven- 
tion provides a way to rapidly detect boundaries be- 
tween training sequences in a digital sample stream us- 
ing multiple correlations of a single digital sample value 

25 in the digital sample stream against multiple other digital 
sample vaiues from the same digital sample stream. 
When a training preamble is transmitted, often, different 
portions of the preamble are transmitted in a concate- 
nated form with no boundaries or markers between the 

30 different portions. By exploiting differences between the 
different portions, such as periodicity, a preferred em- 
bodiment of the present invention can rapidly detect the 
boundaries between the different portions. 
[0008] In one aspect, the present invention provides 

35 a method for detecting the presence of a boundary be- 
tween different sequences in a digital sample stream in- 
volving the reception of the stream of digital sample val- 
ues, performing multiple correlations between a digital 
sample value with. a group of previously received digital 

^0 sample values, calculating a correlation value based on 
the results of the individual correlations, comparing the 
correlation against a threshold and determining if a 
boundary is present based on the resurt of the compar- . 
ison. 

^5 [0009] The present invention provides a number of 
advantages. For example, use of a preferred embodi- 
ment of the present invention can detect the presence 
of sequence boundary in a digital sample stream more 
rapidly than standard pattern detection techniques. 

50 [0010] Also, since the present invention has the same 
false boundary detection/n on -detection probabilities as 
the standard boundary detection techniques, use of the 
present invention does not negatively impact the accu- 
racy performance of the boundary detection. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The above features of the present invention 
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will be more clearly understood from consideration of 
the following descriptions in connection with accompa- 
nying drawings in which: 

Figure 1 displays a prior art diagram illustrating a 
. typical configuration of a wireless communications 
network; 

Figure 2 displays a diagram illustrating a typical 
frame structure of an IEEE 802.11a wireless net- 
work communications packet; 
Figure 3 displays a diagram illustrating a typical 
frame structure of a short sequence according to 
the IEEE 802.11a technical standard; 
Figure 4 displays a diagram illustrating a typical 
frame structure of a long sequence according to the 
IEEE 802.11a technical standard; 
Figure 5 displays a diagram illustrating a concate- 
nation of a short sequence and a long sequence ac- 
cording to the IEEE 802.11a technical standard; 
Figure 6 displays a diagram Illustrating atypical cor- 
relation structure for detecting the presence of a 
pattern in a digital sample stream; 
Figure 7 displays a diagram illustrating a correlation 
structure for detecting the presence of a pattern in 
a digital sample stream using multiple correlations 
of a received data value according to a preferred 
embodiment of the present invention; 
Figures 8a-c display an exemplary correlation using 
a typical correlation structure; 
Figures 9a-c display an exemplary correlation using 
the correlation structure according to a preferred 
embodiment of the present invention; 
Figure 1 0 displays a receive path of a wireless com- 
munications device according to a preferred em- 
bodiment of the present invention; and 
Figure 1 1 displays a detailed view of a processor of 
a wireless communications device according to a 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0012] The making and use of the various embodi- 
ments are discussed below in detail. However, it should 
be appreciated that the present invention provides many 
applicable inventive concepts which can be embodied 
in a wide variety of specific contexts. The specific em- 
bodiments discussed are merely illustrative of specific 
ways to make and use the invention, and do not limit the 
scope of the invention. 

[001 3] A preferred embodiment of the present inven- 
tion discloses a method and apparatus for rapidly de- 
tecting the appearance of a boundary in a digital sample 
stream using multiple correlations of a received sample 
value with previously received sample values from the 
same digital sample stream. The boundary between dif- 
ferent sequences of samples exists due to differences 
in periodicity, encoding, etc. between the sequences 



and there may or may not be any specific sequence of 
sample values to indicate the end of one sequence and 
the beginning of another. While the present implemen- 
tation involves the use of the invention in detecting 

s boundaries for a specific wireless communications sys- 
tem, namely the IEEE 802.11a wireless local area net- 
work, the ideas presented by the present Invention have 
application in other types of networks, including wired 
networks. Therefore, the present invention should not 

10 be construed as being limited solely to the detection of 
patterns in a digital data stream for IEEE 802.11a wire- 
less networks. Examples of other networks where the 
present invention may have applicability include Hiper- 
Ian networks 

15 [0014] Referring now to Figure 1 , a diagram (prior art) 
of a typical wireless local area network (LAN) installation 
according to the IEEE 802.11 technical standard, "ANSI/ 
IEEE Std 802.11, 1999 Edition; Information technology 

- Telecommunications and information exchange be- 
tween systems - Local and metropolitan area networks 

- Specific requirements. Part 11 : Wireless LAN Medium 
Access Control (MAC) and Physical Layer (PHY) Spec- 
ifications,' 1 which is incorporated herein by reference 
and a supplement to the IEEE 802.11 technical stand- 
ard, "IEEE Std 802.11a-1999, Supplement to IEEE 
Standard for Information technology - Telecommunica- 
tions and information exchange between systems - Lo- 
cal and metropolitan area networks - Spec ific require- 
ments - Part 11 : Wireless LAN Medium Access Control 
(MAC) and Physical Layer (PHY) specifications: High- 
speed Physical Layer in the 5 GHz Band," which is also 
incorporated herein by reference. Figure 1 provides an 
illustration of the basic bu ilding blocks of an IEEE 802.11 
network. 

[0015] Figure 1 displays a first basic service set (BSS) 
110 and a second BSS 120. A BSS is the basic building 
block of an IEEE 802.11 network and can be thought of 
as a coverage area within which member stations may 
participate in direct communications. A BSS is started, 
formed : and maintained by an access point (AP). BSS 
1 1 0 corresponds to AP 1 30 and BSS 120 corresponds 
to AP 1 40. An AP is a station that is connected to a dis- 
tribution system (DS) 150. A DS allows multiple BSSs 
to interconnect with one another and form an extended 
service set. The medium used In a DS may be the same 
as the medium used in the BSSs or It may be different, 
e.g., the medium used in the BSSs may be wireless ra- 
dio frequency (RF) while a DS may use fiber optic. In- 
ternal to BSS 110 is an AP 130 and a wireless station 
(STA) 170 while internal to BSS 120 is an AP 140 and 
a STA 1 80. A BSS may contain more than two stations 
(e.g., a maximum of about 20 stations per BSS is typical 
today), but it will have one AP. 

[0016] As shown in Figure 1, BSS 110 is connected 
to DS 150 via the access point 130 and the second ac- 
cess point 140 connects DS 150 to BSS 120. It should 
be noted that an access point also contains a wireless 
station and can be addressed like any other wireless 
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station. 

[00171 Stations within a BSS f for example, stations 
130 and 170 In BSS 110, may communicate with one 
another without interfering with stations in other BSSs. 
However, the stations within a BSS cannot simply com- s 
municate whenever they wish; they must follow an es- 
tablished set of rules designed to minimize collisions 
and maximize performance. 

[0018] Referring nowto Figure 2, a diagram illustrates 
the structure of a physical layer convergence protocol 
(PLCP) data unit (PLDU) 200 according to the IEEE 
802.11a technical specifications. The data to be trans- 
mitted, depending on its overall size, may be broken up 
Into multiple PLDUs, such as the PLDU 200, when trans- 
mitted. According to the IEEE 802.11a technical speci- 
fications, the PLDU 200 comprises an eight micro-sec- 
ond short sequence field 21 0 containing repetitions of a 
short sequence of samples, another eight micro-second 
long sequence field 220 containing repetitions of a long 
sequence of samples, a four micro-second signal field 
230 containing information regarding the data payload, 
and a data payload that may be partitioned into multiple 
data fields (for example, data fields 240 and 250) de- 
pending on the amount of data being transmitted. 
[0019] The short and the long sequences are speci- 
fied In the IEEE 802.11a technical standards and their 
names refer to the relative lengths of their periods. The 
short sequence field 210 contains ten periods of the 
short sequence, while the long sequence field 220 con- 
tains two and a half periods of the long sequence. The 
purpose of transmitting the short sequence is to allow 
wireless stations in the wireless network to detect the 
beginning of the transmission. A secondary purpose of 
the short sequence is to permit the wireless stations to 
adjust the gain in their receivers to properly set the sig- 
nal levels of the received signal for optimal receiver per- 
formance. 

[0020] The long sequence is used by the receiver to 
train an adaptive channel equalizer. The purpose of the 
adaptive channel equalizer is to flatten the frequency re- 
sponse of the communications channel, e.g., amplify 
frequency ranges in the communication channel that are 
being attenuated and attenuate frequency ranges that 
are being amplified. The long sequence can also be 
used to adjust filter characteristics of digital filters 
present in the receiver. Since the long sequence is used 
to train the adaptive equalizer, it is preferred to not mod- 
ify any portion of the long sequence. Modifications to the 
long sequence, through gain adjustments, would re- 
quire additional processing when the long sequence is 
being used to train the adaptive equalizer. Since it is de- 
sirable to make gain adjustments throughout the short 
sequence, the earlier the long sequence is detected, the 
smaller the portion of the long sequence that may have 
received gain adjustments and hence requires gain 
compensation. 

[0021 ] Referring now to Figure 3, a diagram provides 
a view in greater detail of the short sequence field 21 0 



according to the IEEE 802.11a technical specifications 
as it is transmitted. The short sequence field 21 0 is a 
field that is eight micro-seconds in duration (at the spec- 
ified transmission rate) and contains 1 0 periods of the 
short sequence. Figure 3 displays each of the 10 peri- 
ods. Examples of the periods are shown as P1 31 0, P2 
320, and P3 330. 

[0022] Referring now to Figure 4, a diagram provides 
a view in greater detail of the long sequence field 220 
according to the IEEE 802.11a technical standard as it 
is transmitted. The long sequence field 21 0 is a field that 
is eight micro-seconds in duration (at the specified 
transmission rate) and contains two periods of the long 
sequence (period 1 420 and period 2 430) plus an ad- 
ditional one-half period of the long sequence 410. The 
additional one-half period 41 0 is a 25 percent cyclic ex- 
tension of the two periods in the long sequence field 220. 
The cyclic extension is present to help reduce the effects 
of intersymbol interference (IS I). 

[0023] Referring to Figure 5, a diagram illustrates the 
concatenation of the short sequence field and the long 
sequence field into what is commonly referred to as a 
PLCP preamble 500. A PLCP preamble is at the begin- 
ning of each PLDU. According to the IEEE 802.1 1 a tech- 
nical standard, the PLCP preamble 500 Is used for au- 
tomatic gain control (AGC) convergence, diversity (an- 
tenna) selection, timing acquisition, coarse and fine fre- 
quency acquisition, and channel (frequency response) 
estimation. The PLCP preamble 500 comprises the 
short and the long sequences. However, there is no spe- 
cial boundary or marker to indicate the end of the short 
sequence and the beginning of the long sequence. 
Therefore, designers of an IEEE 802.11a wireless net- 
work must devise a technique to determine the end of 
the short sequence and the beginning of the long se- 
quence. 

[0024] Correlation is a commonly used technique to 
detect the presence of a boundary in a digital sample 
stream. Basically, correlating two sequences involves 
comparing pairs of values, one from each sequence. If 
the values match, then the correlation value is incre- 
mented. If the values do not match, the correlation value 
is unchanged or decremented. After the correlation is 
complete, the correlation value is compared with a 
threshold value. If the correlation value exceeds the 
threshold, then the two sequences are deemed to be 
the same. If the correlation value does not exceed the 
threshold, then the two sequences are not the same. 
Correlation is normally used to compare two seq uences. 
However, with certain sequences that exhibit a specific 
set of characteristics, of which periodicity is one, corre- 
lation can be used to determine when one sequence 
with a certain set of characteristics ends and another 
sequence with a different set of characteristics begins. 
[0025] In the case when the desired sequence is a pe- 
riodic signal, correlation can be performed between the 
received signal currently being received and portions of 
the signal that were received previously. The correlation 
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in this case will detect when the received signal no long- 
er possesses the same characteristics as the previously 
received signal. Correlating a received signal with pre- 
viously received signals has an additional advantage in 
that the received signal is being correlated with a refer- 5 
ence signal that has transmitted through the same com- 
munications channel that it is being transmitted through. 
Therefore the reference signal would have likely under- 
gone the same (or similar) fading, multipath, interfer- 
ence that the received signal is undergoing. This will 
provide a better correlation than when comparing the 
received signal against a reference copy of the trans- 
mitted signal that is stored in memory. 
[0026] Referring now to Figure 6, a diagram illustrates 
a prior art correlation structure 600 for generating a cor- 
relation value for a received signal stream by correlating 
it with the same received signal that was previously re- 
ceived. The correlation structure 600 displayed In Figure 
6 compares a signal value that has been recently re- 
ceived with a previously received signal value that is one 
period earlier in the signal stream. In other words, if the 
signal being received is periodic, then the signal value 
is being correlated with an earlier copy of itself. If the 
signal is not periodic, then the signal is being correlated 
with essentially a random signal value. 
[0027] Figure 6 displays a sequence of six correla- 
tions, each shown as an inverted U-shaped line, origi- 
nating from one period of a short sequence and ending 
at another. For example, a correlation 610 starts at a 
period 612 (labeled as P10) of the short sequence and 
ends at another period 614 (P9) of the short sequence. 
A correlation, as displayed in Figure 6, symbolizes that 
a sample (or samples) in one period is being correlated 
with a -sample (or samples) in a different period. Typi- 
cally, if the sample being correlated with another sample 
matches, the correlation results in a one value and if the 
samples do not match, the correlation results in a zero 
value. Afterthe multiple correlations are complete, their 
individual results are combined to produce an overall 
correlation value. For example, the result from the cor- 
relation 61 0 is presented to a summation block 620 via 
a connection 61 5. The summation block 620 combines 
the correlation result from correlation 610 and the cor- 
relation results from the other correlations and produces 
a correlation value. The description above is exemplary 45 
and can of course be generalized to the case where the 
correlation of two samples is the multiplication of one 
sample by the complex conjugate of the second and the 
output of the correlation structure is the sum of all such 
correlations. so 
[0028] Correlation, as displayed in Figure 6, is a good 
way to detect boundaries between different sequences 
in a digital sample stream. However, by individually cor- 
relating pairs of sample values, the correlation displayed 
in Figure 6 is slow to react to the arrival of a boundary, ss 
This is due to the fact that when anew sequence begins, 
sample values in that particular sequence are compared 
with the previous sequence in a single correlation. This 



means that remaining correlations in the correlation 
structure are correlating sample values from the previ- 
ous sequence. Sample values from the previous se- 
quence will stop contributing to the correlation earlier if 
the entire structure is shortened. Unfortunately, in this 
case, the strength of the correlation used for the detec- 
tion of the initial sequence is sacrificed. 
[0029] Referring nowto Figure 7, a diagram illustrates 
a correlation structure 700 for generating a correlation 
value for a signal sample value with previously received 
sample values according to a preferred embodiment of 
the present invention. Figure 7 displays a correlation 
structure 700 that performs a correlation on the same 
type of samples as the correlation structure 600 dis- 
played in Figure 6. The correlation structure 600 dis- 
played in Figure 6 compared a sample (or samples) from 
a single period with a sample (or samples) In another 
period that Is adjacent to the single period. The correla- 
tion structure 600 performs the same type of correlating 
a sample value from one period with a corresponding 
sample value in an adjacent period for each of the re- 
maining correlations in the correlation structure 600. 
[0030] Referring back to Figure 7, the correlation 
structure 700 performs a correlation where a sample (or 
samples) from a single period is compared with a sam- 
ple (or samples) in another period. However, all corre- 
lations in the correlation structure 700 use the sample 
(or samples) from the same single period in their corre- 
lations. For example, a correlation 710 compares a sam- 
ple (or samples) from a period 712 with a sample (or 
samples) from a period 713. However, another correla- 
tion 711 compares a sample (or samples) from the pe- 
riod 712 with a sample (or samples) from a period 714. 
All of the correlations performed in the correlation struc- 
ture 700 during a correlation calculation use a sample 
(or samples) from one period. The remaining correla- 
tions in the correlation structure 700 also compare a 
sample (or samples) from the period 71 2 with other sam- 
ples from other periods. 

[0031] According to a preferred embodiment of the 
present invention, each correlation is a single sample 
comparison of sample values from different periods. Al- 
ternatively, each correlation may compare a group of 
sample values from different periods. By comparing a 
group of sample values In a single correlation, a single 
multl -value correlation may repface a series of single- 
value correlations. According to another preferred em- 
bodiment of the present Invention, the sample (or sam- 
ples) being compared against other samples is among 
the most recently received samples. 
[0032] According to yet another preferred embodi- 
ment of the present invention, the received sample val- 
ues are stored in a memory that permits access to the 
received sample values in the order in which they were 
received, i.e., a first-in first-out memory structure. For 
example, if the most recently received sample value was 
stored in memory location zero, then memory location 
64 would contain a sample value that was 64 sample 
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values earlier in the sample stream. As another exam- 
ple, using this particular memory structure and assum- 
ing that the period of the short sequence was 16 sample 
values, a correlation structure comparing a single sam- 
ple with six other samples corresponding to the sample 
value's position in the short sequence could be config- 
ured to compare the contents of memory locations zero, 
16, 32, 48, 64, 80, and 96. In other words, the single 
sample is compared with samples at N periods away, 
where N is equal to 1, 2, 3. ..6. Other sets of memory 
locations are possible depending on the location of the 
sample to be compared, the periodicity of the short se- 
quence in question, the number of correlations desired, 
etc. Derivation of different sets of memory locations is 
well understood by persons of ordinary skill in the art of 
the present invention. 

[0033] The correlation structure 700 can be Imple- 
mented out of a memory for storing the digital sample 
stream, a series of comparators with one per correlation 
being performed (if each correlation compares a single 
value with another single value), an adder for adding up 
the results of the individual correlations and producing 
the correlation value. The size of the memory depends 
on the number of correlations desired, with a larger 
memory required to support a larger number of correla- 
tions. The correlation structure 700 can also be imple- 
mented as a program executing in a processor. A soft- 
ware implementation will typically permit more flexibility 
in the number and types of correlations performed. 
[0034] Referring now to Figures 8a-c, diagrams illus- 
trate an example of the function of the correlation struc- 
ture 600 displayed in Figure 6. In the example displayed 
in Figures Ba-c, each period of the short sequence is a 
sequence of five sample values "10 0 1 0" and a se- 
quence of the first few sample values of the long se- 
quence are "1 1 0 0 1 1 0 1 0 1 ." Figure 8a displays the 
correlation structure with the entire short sequence hav- 
ing been received. Each of the correlations compares 
the fourth sample value from each period with the fourth 
sample value from the period previously received. The 
correlation value (C.V.) is 6, since all six correlations 
compared values that matched. . 
[0035] Figure 8b displays the correlation structure af- 
ter the first five sample values of the long sequence has 
been received and stored in a set 842 of five memory 
locations. The final period of the short sequence is 
stored in a set 844 of five memory locations. The same 
correlations are calculated. However, the fourth sample 
value from the received portion of the long sequence 
does not match with the fourth sample value from the 
final period of the short sequence stored in set 844. 
However, the remaining correlations result in matches 
because the correlations are comparing various periods 
of the short sequence. The correlation value (C.V.) is 5. 
[0036] Figure Be displays the correlation structure af- 
ter the next five sample values of the long sequence has 
been received. The first five sample values of the long 
sequence are stored in a memory set 864 and the sec- 



ond five sample values of the long sequence are stored 
in another memory set 862. The remaining sets of mem- 
ory store periods of the short sequence. A first correla- 
tion 852 compares the fourth sample value in memory 

s set 862 with the fourth sample value in memory set 864, 
which happens to be a match. A second correlation 854 
compares the fourth sample value in memory set 864 
with the fourth sample value in the last period of the short 
sequence and the two sample values do not match. The 

10 remaining correlations match because the correlations 
are between different periods of the short sequence. 
[0037] Referring now to Figures 9a-c, diagrams illus- 
trate an example of the function of the correlation struc- 
ture 700 displayed in Figure 7 according to a preferred 

is embodiment of the present invention . The example dis- 
played in Figures 9a -c will use the same sample se- 
quences as used in the example displayed in Figures 
8a-c. Figure 9a displays the correlation structure with 
the entire short sequence having been received. Each 

20 of the correlations compares the fourth sample value 
from the most recently received period (stored in a mem- 
ory set 912) with the fourth sample value from the pre- 
viously received periods. The correlation value (C.V.) is 
6, since all six correlations compared values that 

25 matched. 

[0038] Figure 9b displays the correlation structure af- 
ter the first five sample values of the long sequence has 
been received and stored in a set 932 of five memory 
locations. The final period of the short sequence is 

30 stored in a set 934 of five memory locations. The same 
correlations are calculated as displayed in Figure 9a. 
However, since the fourth sample of the first five sam- 
ples of the long sequence is compared with the fourth 
samples from the various periods of the short sequence, 

35 none of the correlations match, resultingin acorrelation 
value of zero. Compare this to the example displayed in 
Figure 8b, where the correlation value was five. The rea- 
son for the large difference in the correlation values is 
because all but one of the correlations being performed 

40 in Figure 8b are comparing sequences belonging to the 
short sequence, while the correlations being performed 
in Figure 9b are comparing a part of the long sequence 
with the short sequence. 

[0039] Figure 9c displays the correlation structure af- 
45 ter the next five sample values of the long sequence has 
been received. The first five sample values of the long 
sequence are stored in a memory set 954 and the sec- 
ond five sample values of the long sequence are stored 
In another memory set 952. The remaining sets of mem- 
so ory store periods of the short sequence. The correla- 
tions compare the fourth sample value from the second 
set of five sample values with the fourth value from the 
first set of five sample values from the long sequence 
(which happens to match) and the fourth value from the 
55 various periods of the short sequence (which do not 
match), resulting in correlation value of one. 
[0040] Comparing the correlation structure 600 with 
the correlation structure 700 (and the underlying way in 
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which they perform correlations), one can easily note 
that after receiving a single sample from the long se- 
quence, the correlation structure 700 can compare that 
single sample value with previously received sample 
value while the correlation structure 600 permits only a 
comparison of that single sample value with one previ- 
ously received sample value. The correlation structure 
600 retains history information about previously re- 
ceived sample values that must be shifted out of the 
structure before their effect on the correlation value can 
be removed. The correlation structure 600 requires that 
six, five-sample value sets of the long sequence (using 
the example data from Figures 8 and 9) be received be- 
fore the effects of the short sequence correlations are 
no longer present in the correlation value. At the very 
least, four, five-sample value sets of the long sequence 
are needed before the effects of the short sequence can 
no longer dominate the determination of the correlation 
value. 

[0041] The correlation structure 700 can detect the 
end of the short sequence and the beginning of the long 
sequence much earlier. After one or two, five-sample 
value sets of the long sequence are received, the cor- 
relation structure 700 can effectively detect the end of 
the short sequence and the beginning of the long se- 
quence. The actual number of sets required would, in 
part, be determined by the threshold value specified in 
the receiver. As discussed previously, the early detec- 
tion ofnthe beginning of the long sequence is crucial 
since the long sequence is used mainly as a training se- 
quence for the receiver's adaptive channel equalizer 
and should not be gain adjusted like the short sequence. 
The earlier the detection, the smaller the number of long 
sequence data values that were gain adjusted because 
they were thought to belong to the short sequence and 
that would require gain compensation. 
[0042] According to a preferred embodiment of the 
present invention, the correlation structure 700 is pro- 
grammable and can be configured to generate a corre- 
lation value as frequently as after the receipt of every 
sample value. Alternately, the correlation structure 700 
can also be configured to generate a correlation value 
only after the receipt of a number of sample values that 
could, for example, be equal to the period of the short 
sequence. 

[0043] Referring now to Figure 10, a block diagram 
illustrates a receive path 1000 of station in a wireless 
network according to a preferred embodiment of the 
present invention. Most stations in a wireless network 
can transmit information as well as receive it. This im- 
plies that the stations have a radio transmitter as well 
as a radio receiver. The present invention has applica- 
tion to the radio receiver portion of a station. Therefore, 
it is assumed that the station has a radio transmitter that 
is fairly typical of stations of a wireless network and will 
not receive any examination. The receive path 1000 dis- 
played in Figure 10 is for a station that is part of a wire- 
less network using a multi-carrier modulation technique. 



As such, the receive path 1000 will contain hardware 
that is not present in a single-carrier system, however, 
since the present invention is to be used in the time do- 
main, it is applicable to both single-carrier and multi-car- 

s rier systems. 

[0044] An antenna 1 01 0 receives the information that 
is transmitted over-the-air and produces an analog sig- 
nal stream that Is directed to a filters -converters-ampli- 
fiers unit 1020. The filters-converters-amplifiers unit 

*0 1 020 is an analog signal process unit that is responsible 
for filtering out undesired signals that lie outside of the 
frequency band of interest, amplifying the received sig- 
nal to an appropriate signal level, and converting the an- 
alog signal stream into a digital data stream. Coupled to 

1S the filters-converters-amplifiers unit 1020 is a control 
line that can be used by a processor (not shown) to con- 
figure the unit 1020 to meet changing conditions of the 
communications channel. 

[0045] After processing by the filters-converters-am- 

^0 piffiers unit 1 020, the digital stream is sent to a correlator 
1 025. The correlator 1 025 is used to compare the digital 
stream with certain reference data patterns or with itseff . 
A function of the correlator 1 025 is to detect the bound- 
ary between the short and the long sequences. This is 

25 required because not all of the information that a station 
receives is user data. Control data and configuration da- 
ta are also transmitted over-the-air and in many com- 
munications systems, control data is transmitted along 
with user data, often in the same packet. The correlator 

30 1050 compares values in the digital stream with other 
values in the digital stream (or with a reference data pat- 
terns saved in memory) to generate a correlation value. 
The correlation value is then used to determine if the 
correlator 1 050 has been able to find the boundary. 

35 [0046] After correlation, the digital stream is convert- 
ed from its time domain representation into a frequency 
domain representation by . a Fourier Transform unit 
1030. The Fourier Transform unit 1030 converts the dig- 
ital stream from its time domain representation into its 

40 frequency domain representation using one of many 
widely known Fourier Transform algorithms. This step 
is necessary for multi-carrier communications systems. 
In multi-carrier systems, the actually data encoding and 
decoding is performed in the frequency domain while 

« the transmission (and reception of data is performed in 
the time domain). 

[0047] After conversion into the frequency domain, 
the digital stream is fed to an adaptive channel equalizer 
1040. The adaptive channel equalizer's function is to 

50 flatten the frequency response of the communications 
channel. It is well known that, on a wired connection, If 
the frequency band of interest is wide enough, portions 
of the transmitted signal that are in the upper portions 
of the frequency band will be attenuated more than the 

55 portions of the transmitted signal that are using the lower 
range of the frequency band. The adaptive channel 
equalizer 1 040 provides additional gain to the upper fre- 
quency ranges to present a signal that has essentially 
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the same gain across the entire frequency band of in- 
terest. Similarly, on a wireless connection, the effect of 
multi-path distortion is to create frequency selective fad- 
ing across the band occupied by the signal. After this 
distortion some frequencies will be more attenuated 5 
than others. The adaptive channel equalizer 1040 pro- 
vides additional gain to the carriers that are more atten- 
uated to present a signal that has essentially the same 
gain across the entire frequency band of interest. The 
adaptive channel equalizer 1 040 is controlled by a proc- 
essor (not shown), which provides it with the necessary 
configuration information to flatten the frequency re- 
sponse of the communications channel. The adaptive 
channel equalizer 1040 may be coupled to the same 
control line that is coupled to the filters-converters-am- 
plifiers unit 1 020. The control line is used to provide the 
necessary configuration information to the adaptive 
channel equalizer 1 040. 

[0048] Finally, a symbol decoder 1050 takes the 
equalized frequency domain data and produces a data 
stream that is suitable for processing by components 
further down the receive path 1000. The data stream 
may be provided to processor (not shown) for any fur- 
ther processing or a digital device (not shown) where it 
is put to use. 

[0049] The Fourier Transform unit 1030, the symbol 
decoder 1 050, and the correlator 1 025 are displayed in 
Figure 1 0 as being distinct units, but they can in fact be 
functional units in a processor (not shown) in the station. 
According to a preferred embodiment of the present in- 
vention, these functional units and others that are not 
shown are actually programs executing in executable 
memory of the processor. According to another pre- 
ferred embodiment of the present invention, the func- 
tional units are implemented as custom designed hard- 
ware blocks inside the processor. 
[0050] Referring now to Figure 11, a diagram illus- 
trates a detailed view of a processor 11 00 for a station 
in a wireless network according to a preferred embodi- 
ment of the present invention. As discussed previously, 
the various functional blocks of the receiver 1000 may 
actually be implemented as programs executing in a 
processor in the station. Figure 11 displays a processor 
1100 containing a correlator 1110, a boundary detector 
1120, and an additional processing unit 1130. The cor- 
relator 1110 receives its input from a symbol decoder, 
which may in fact, be a part of the processor 1 1 00. The 
dashed line on the left side of the processor 1100 is to 
represent a boundary to the processor 1 1 00 that may or 
may not exclude the symbol encoder and other function- 
al blocks. The actual boundary of the processor 1 1 00 is 
not important to the operation of the present invention. 
[0051] The correlator 1110 receives a digital stream 
from a filters-converters-amplifiers unit and based on its 
programming, attempts to correlate the data stream with 
reference patterns or with itself to detect boundaries that 
are present in the data stream. The correlator 1110 pro- 
vides the result of the correlation to a boundary detector 



1 120. The boundary detector 11 20 is used to determine 
if a boundary has indeed been found. The boundary de- 
tector 1120 may base its determination on a simple 
threshold. If the correlation value produced by the cor- 
relator 1 110 crosses the threshold, the boundary detec- 
tor 1120 will determine that the boundary has been de- 
tected. Alternatively, the decision may be a more com- 
plex decision that is based in part on the quality of the 
signal being received. If the signal quality is poor, then 
the boundary detector may change Its threshold to re- 
duce the probability of erroneously detecting a boundary 
that is not there. 

[0052] Once the boundary detector decides that the 
correlator 1110 has detected a boundary, it asserts a 
boundary detection flag signal line. The boundary de- 
tection flag signal line is coupled to an additional 
processing unit 1130. The additional processing unit 
may contain any further processing that may be per- 
formed by the processor 1100. Upon detection of the 
assertion of the boundary detection flag signal line by 
the additional processing unit 1130, the boundary may 
then be marked. By marking the boundary, it becomes 
easier for units further down the process to obtain ac- 
cess to the parts of the data stream that they need. 
[0053] While this invention has been described with 
reference to illustrative embodiments, this description is 
not intended to be construed in a limiting sense. Various 
modifications and combinations of the illustrative em- 
bodiments, as well as other embodiments of the inven- 
tion, will be apparent to persons skilled in the art upon 
reference to the description. It is therefore intended that 
the appended claims encompass any such modifica- 
tions or embodiments. 



1 . A method for boundary detection in a stream of dig- 
ital sample values, the method comprising: 

receiving the stream of digital sample values; 
correlating a digital sample value with a plural- 
ity of received digital sample values; 
calculating a correlation value based on the 
correlation; 

comparing the correlation value against a 
threshold; and 

determining the presence of the boundary 
based on the comparison. 

2. The method of claim 1 , wherein the plurality of re- 
ceived digital sample values are selected from the 
received stream based on their position in different 
periods of a periodic sequence. 

3. The method of claim 1 or claim 2, wherein the re- 
ceived stream is stored In a memory, wherein the 
boundary being detected is a boundary at an end 
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of a periodic sequence, and wherein the plurality of 
received digital sample values are digital sample 
values stored in memory locations with memory ad- 
dresses that correspond to integer multiples of a 
number of digital sample values in a period of the 
periodic sequence starting at the memory address 
of the memory location containing the digital sample 
value. 

4. The method of claim 3, wherein the number of dig- 
ital sample values in the plurality of received digital 
sample values is less than or equal to the number 
of periods in the periodic sequence. 

5. The method of claim 3, wherein the plurality of re- 
ceived sample values are sample values stored in 
memory locations that are N * 2 n memory locations 
from the memory location containing the digital 
sample value, where n and N are integer values and 
2 n is the period of the periodic sequence. 

6. A circuit for detecting boundaries in a stream of dig- 
ital sample values, the circuit comprising: 

a memory for storing at least a portion of the 
stream of digital sample values; 
a plurality of comparators coupled to the mem- 
rory, a first input of each comparator coupled to 
ia single memory location and a second input of 
• each comparator coupled to different memory 
locations wherein the different memory loca- 
tions correspond to digital sample vaiues that 
are desired to be compared to a digital sample 
value stored in the single memory location, 
each comparator configured to output a one 
value if the comparison is equal and a zero vale 
if the comparison is not equal; and 
a summing circuit coupled to the plurality of 
comparators, the summing circuit containing 
circuitry to add the outputs from the plurality of 
comparators and produce a correlation value. 

7. The circuit of claim 6, wherein the circuit is config- 
ured to generate a correlation value after the receipt 
of each digital sample value. 

8. The circuit of claim 6, wherein the circuit is config- 
ured to generate a correlation value after the receipt 
of a specified number of digital sample values. 

9. The circuit of claim 6 or claim 7, wherein the mem- 
ory is sized sufficiently to at least store the digital 
samples being correlated. 

1 0. The circuit of any preceding claim, wherein the com- 
parators will output a one value if the digital samples 
being compared are within a specified difference of 
each other and the comparator will output a zero 



value if the digital samples being compared are out- 
side of a specified difference of each other. 
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